The aim of this study is to optimize a rapid and specific method for detection of E. coli D157I:H7 (EHEC) from food samples with high background flora using an immunomagnetic separation-real-time polymerase chain reaction assay (OMS-RTiPCR). For this, EHEC cells were recovered from raw milk and ground meat samples that were artificially contaminated to the final concentrations of 10 1 , 10 3 and 10 5 cfu EHEC/mL or g, after a non-selective pre-enrichment at 35 °C for 8 h following either with or without capturing by micro-sized beads. Then, EHEC cells were identified by RTiPCR. The study was also carried out without any enrichment to evaluate the enrichment efficiency of the assay. By comparing the assay with and without pre-enrichment, we showed that even the usage of specific micro-sized beads did not improve EHEC detection in raw milk and ground beef samples and so gave false negative results unless an 8-h pre-enrichment was applied. Besides, the assay can be completed in less than 9 h with a minimum detection limit of 10 3 cfu EHEC/mL or g in foods and hence was found to be simple routine-based method that exhibits great potential for implementing as a rapid screening of EHEC in microbial tests as compared to existing techniques.
Introduction
Escherichia coli D157I: H7 (EHEC) which is an enterohemorrhagic serotype of the Shiga toxin-producing E. coli (STEC), is considered a serious public health problem since it is recognized as a major pathogen of foodborne diseases in humans with a capable of causing diseases like diarrhea, hemorrhagic colitis (HC), the potentially fatal hemolytic uremic syndrome (HUS), thrombotic thrombocytopenic purpura (TTP), and kidney failure (Qin et al., 2018; Jaakkonen et al., 2017) . Despite the wide-scale distribution of EHEC in all types of foods, it is primarily transmitted through cattle and so raw or undercooked minced or ground beef (Centers for Disease Control and Prevention, 1997; King et al., 2014; Xiong et al., 2014) , but milk and dairy products including especially raw or inadequately pasteurized milk (Kumar et al., 2013; Goh et al., 2002; Allerberger et al., 2001) , yoghurt (Morgan et al., 1993) , and raw-milk cheeses (Gaulin et al., 2012; Honish et al., 2005) have also been highly susceptible to contamination by EHEC. A multistate outbreak occurred in the US in 2014 (Kraft et al., 2017) and the outbreak in France in 2011 (King et al., 2014) were both linked to EHEC contamination in ground beefs. On 2010, 41 patients reported to be ill with EHEC due to consuming aged raw-milk Gouda cheese in the US (McCollum et al., 2012) . There was an EHEC outbreak linked to raw milk cheese in Quebec, Canada in 2008 (Gaulin et al., 2012) and in late 2005, an outbreak of EHEC was also associated with raw milk consumption in the US (Denny et al., 2008) . Another outbreak of EHEC was associated with unpasteurized-milk Gouda cheese in Canada in late 2002 (Honish et al., 2005) . Based on all these outbreaks, detecting EHEC in foods before they reach to the consumer has become an important step in preventing EHEC-associated foodborne outbreaks. However since raw milk and ground beef have relatively short shelf lives than other types of foods, timely, specific, sensitive, and accurate detection of this pathogen is important to assess the safety of them and is of great importance for public health reasons (Kumar et al., 2013) .
Conventional cultural methods (CCM) and classical polymerase chain reaction (PCR) assays are still the most common methods used in pathogen detection in foods. On despite of their good specificity and reliability, they have some disadvantages. CCM for detection and identification of EHEC are very laborious and time-consuming due to the required non-selective and selective enrichment steps to achieve a critical threshold concentration needed for the isolation of the target pathogen and subsequent biochemical and serological tests for the identification of the target pathogen, as well as classical PCR assays which require extra laborious steps for pre-concentrating a small amount of bacterial cells from a large volume of liquid sample and for providing DNA templates without PCR inhibitors, immunomagnetic separation (OMS) technique has been used in combination with them in order to capture and concentrate bacterial cells present at low concentration in food matrices with a high background flora to overcome these problems (Ganesh et al., 2016; Chen et al., 2014; Mercanoglu Taban & Aytac, 2009) . OMS, which is based on the specific binding of the target pathogen to the hydrophobic and magnetized surface of the uniform micro-sized beads with adsorbed antibodies, has been used for separation and concentration of the target pathogen from foods containing competitive microflora and inhibitors by shortening the time of enrichment and removing impurities (Mercanoglu & Aytac, 2006) . Therefore, the integration of OMS method is used to improve the microbial analysis performance, providing concentration of the target pathogen, reducing the total analysis time required for the enrichment steps and the limits of detection, as well as eliminating the complex matrix effect of food samples and PCR inhibitors (Luo et al., 2017; Xiong et al., 2014) .
Numerous rapid and specific detection methods for EHEC have been developed. Ondeed, OMS is coupled with most of these techniques, primarily immunoassays (Wang et al., 2011) , immunosensors (Mendonca et al., 2012) , and nucleic acid-based assays (Wang et al., 2014; Zhao et al., 2010) . However, there are still problems with their specificity and sensitivity. On addition, in most of these methods, there had been a need of optimization of several enrichment procedures to improve the recovery of target bacteria with OMS in complex food matrices Weagant & Bound, 2001 ). Hence in this study, a rapid, specific, and sensitive combined assay was optimized and developed for EHEC, comprising sequential an 8-h non-selective enrichment, followed by OMS-RTiPCR. On addition, this study demonstrated the inability of OMS-RTiPCR combined assay in detection of EHEC in raw milk and ground beef samples unless any enrichment step was used. Therefore, this study highlights the need of a rapid assay for continually monitoring the presence of EHEC in a comprehensive range of complex food matrices.
Materials and methods

Bacterial strains and culture conditions
EHEC, obtained from Dr. Doyle, Georgia University was used as the reference strain in all through the study. Pure cultures of EHEC were grown in modified tryptic soy broth (mTSB, Merck, Germany) at 35 °C for 18-24 h. Tenfold serial dilution of the reference strain was made with NaCl (0.85%) (Sigma-Aldrich, the USA) as the diluent and aliquots were taken for EHEC enumeration (cfu/mL) on CT-SMAC plates containing sorbitol MacConkey agar (Merck, Germany) supplemented with cefixime and potassium tellurite (Merck, Germany) and then incubated at 37 °C for 18-24 h. The other pure cultures of Salmonella spp., Shigella spp., Yersinia enterocolitica, E. coli, Listeria monocytogenes, and Staphylococcus aureus used in the specificity testing of the combined method, was from the culture collection of the authors.
Food sample preparation and non-selective enrichment
On this study, raw milk and ground beef samples were obtained from local grocery stores and a level of artificially inoculation of 10 1 , 10 3 and 10 5 cfu EHEC/mL raw milk or /g of ground beef was used for testing. Non-contaminated control samples were also prepared to determine if the background flora contained EHEC and if there were false positive results from the non-contaminated food samples. Hence; prior to the inoculation of EHEC, raw milk and ground beef samples were examined for natural contamination with EHEC by OSD 16654I:2001 horizontal method (Onternational Standard Drganization, 2001 ) and confirmed as negative. This result was also confirmed by the result of combined assay.
Firstly, 25 grams of raw ground beef was mixed with 225 mL of buffered peptone water (BPW, Merck, Germany) and then was stomached (Seward 400 Stomacher, Norfolk, the UK) for 1 min. Dn the other hand; 25 mL of raw milk was mixed with 225 mL of BPW in a sterile flask. Both food samples were then inoculated with decimally diluted cultures of EHEC to the final concentrations of 10 3 and 10 5 cfu EHEC/mL, and the target bacteria were subsequently captured by superparamagnetic micro-sized beads according to the OMS procedure given below, and also after a non-selective pre-enrichment at 35 °C for 8 h. Mercanoglu & Aytac (2006) carried out another study without the usage of these micro-sized beads of which the specificity and the recovery sensitivity had been tested.
IMS procedure
Standard procedure according to the Dynal Manual (Dynal, 2000) was followed throughout the separation and concentration of target bacteria from both pre-enriched and non-enriched raw milk and ground beef samples. During OMS; target bacteria, from 1 mL of samples mixed with 20 µL of bead suspension, are specifically caught onto magnetic beads coated with anti-E.coli D157 antibodies (Dynal, Norway) . The bead-bacteria complexes were separated using a magnetic particle concentrator (Dynal, Norway) and washed three times with washing buffer (0.15 M NaCl, 0.01 M Na-phosphate buffer, 0.05% Tween 20; pH 7.4) to remove food debris and other microorganisms (Mercanoglu & Aytac, 2006) . The beads were then resuspended in different volumes of phosphate-buffered saline according to the DNA extraction and purification method used.
RTiPCR assay
Foodproof
 Sample Preparation Kit O (Roche/BODTECDN Diagnostics, Germany) procedure was used (Roche/BODTECDN Diagnostics, 2007) for rapid preparation of DNAs of target bacteria from bead-bacteria complex suspensions or directly from homogenized samples after an 8-h pre-enrichment and without any enrichment. Following the extraction of DNAs from these cultures, the isolated DNAs were analyzed by RTiPCR assay by using the foodproof  E. coli D157 detection kit (Roche/BODTECDN Diagnostics, Germany) according to its recommended PCR procedures (Roche/BODTECDN Diagnostics, 2017) . The RTiPCR reaction mix contains 15 µL of master mix including premixed primers and hybridization probes for sequence-specific detection and other reagents, 1 µL of convenient enzyme solution, 5 µL of sample DNA, and 1 µL of internal amplification control (OAC) for reliable interpretation of results. After mixing all these reagents, 20 µL of RTiPCR reaction mix was subjected to analysis using a real-time thermalcycler (LightCycler  carousel-based system-Roche/BODTECDN Diagnostics, Germany) which was used for amplification with reaction conditions including heat denaturation at 95 °C for 10 min, and then 45 cycles at 95 °C for 0 s, annealing at 59 °C for 30 s, and extension at 72 °C for 5 s, followed by the cooling at 40 °C for 30 s (Roche/BODTECDN Diagnostics, 2017) . This RTiPCR assay simultaneously amplifies and detects fragments of a gene that is located in the D antigen gene cluster of EHEC by using sequence-specific primers in a PCR. The OAC, which is a nontarget xenosequence oligonucleotide present in the same sample reaction tube, was coamplified simultaneously with the target sequence with corresponding primers and probes at the same amplification conditions used in the RTiPCR (Nordstrom et al., 2007) . All the runs in this study were carried out in duplicates and in each test, DNA of pure reference strain and ultra-pure H 2 D served as positive and negative controls, respectively.
Real-time thermalcycler used in this study detects the amplicons through the fluorescence generated by their corresponding pair of sequence-specific hybridization probes, which are both fluorescently-labeled oligonucleotides, in real time. For each amplicon, a donor probe was labeled with a fluorescein at the 3'-end, and an acceptor probe was labeled with a real-time thermalcyler specific red fluorophore (LightCycler 
Specificity and sensitivity study
The specificity of OMS-RTiPCR combined assay was determined by using the EHEC reference strain and by pure cultures of other pathogenic bacteria such as Salmonella spp., Shigella spp., Yersinia enterocolitica, Escherichia coli, Listeria monocytogenes, and Staphylococcus aureus which can likely to be found within these foods together with EHEC. Moreover; raw milk and ground beef samples that were found as EHEC-negative by OSD 16654I:2001 horizontal method (Onternational Standard Drganization, 2001 ), were also analyzed by combined method for control. For the sensitivity analysis of the combined assay which was repeated two times, tenfold serial dilution of the reference strain was made up to a final volume of 1 mL to obtain final bacterial concentrations ranging from 10 8 to 10 1 cfu EHEC/mL. All bacterial solutions were subjected firstly to OMS and then the DNAs of each bacteria from bead-bacteria complex suspensions were prepared using Foodproof  Sample Preparation Kit O as mentioned above, and 5 mL aliquots from each isolated DNA was subjected to RTiPCR amplification.
Results and discussion
Specificity and sensitivity performance of IMS-RTiPCR assay
The specificity of the combined assay is a function of both OMS method and RTiPCR assay. The absorbed antibodies of the micro-sized beads specifically targets the somatic antigen of EHEC and RTiPCR primers and probes target the fragments of a gene located in the D antigen gene cluster of EHEC. To confirm the specificity of OMS-RTiPCR combined assay for EHEC detection, other pathogenic strains, which are common foodborne bacteria, were subjected to the same OMS-RTiPCR combined assay. As seen in Figure 1 , the results showed that the combined assay has high specificity for detection of EHEC cells since the pathogens other than the target bacteria did not give any positive, specific EHEC amplification signal even they were likely to be captured by the micro-sized beads. On addition; no amplification signal was observed in the study with non-contaminated raw milk and ground beef samples. This result correlates with and confirms the result of OSD 16654I:2001 horizontal method (Onternational Standard Drganization, 2001) . For the sensitivity of the combined assay, the lowest dilution of the reference strain that consistently produced an amplified signal was taken as the limit of detection. The minimum detection limit of EHEC in pure cultures was found as 10 1 cfu EHEC/mL (data not shown).
Detection of EHEC in artificially contaminated raw milk and ground beef samples by IMS-RTiPCR assay (with and without a pre-enrichment)
With artificially contaminated raw milk and ground beef samples, the combined assay did not detect any EHEC cell unless a pre-enrichment was applied. This may be due to both the complexity of food matrices and high levels of natural microflora or to the capture efficiency (CE) of the micro-sized beads. On other words; both food matrices potentially include high levels of natural microflora which undoubtedly interfered with isolation and detection, in addition to the high contents of many milk-and meat-associated inhibitors, fat particulates and proteins that might both entrap the low amounts of target pathogen and interfere with the antibody or the bacterial surface causing the blockage of formation of bead-bacteria complexes Fu et al., 2005) . Besides, since the Brownian movement of specific antibodies immobilized on these micro-sized beads is weak, the efficiency of the immunologic reaction between these specific immobilized antibodies and epitopes on the surface of the target bacteria appears to be rather poor than the ones of free antibodies in a large separation volume. To overcome this weakness and to ensure high CE of the micro-sized beads to the target bacteria, a large amount of antibodies and beads could be used in a large-volume OMS . However; the practical application of large-volume OMS is limited due to its very high cost (Luo et al., 2017) . Previous studies also reported that both the binding capacity of the beads (Jeníková et al., 2000) and the final amplification signal of the real-time PCR assay (Fu et al., 2005) were decreased significantly when detection was performed with high fat content ground beef. Aydın et al. (2014) also concluded that the sensitivity of OMS coupled with tyramide signal amplification assay without using any enrichment step was decreased two-to fivefold compared to the results of the study done with pure cultures, to the detection limits of 2.5 x 10 2 and 10 2 cfu EHEC/mL-g in ground beef and milk samples respectively, due to the food matrix effect. Likewise in our study, the number of bacteria directly captured from food samples by OMS method could not support RTiPCR amplification even when the amount of target bacteria was 10 1 -10 5 cfu EHEC/mL or g in all food samples. Herewith, a pre-enrichment was applied as a very necessary step for EHEC detection before the combined assay in order to overcome these problems and to increase the sensitivity of detection since it also supports the growth rate and so the final cell concentration of freeze-injured EHEC cells in these foods (Lionberg et al., 2003) . Similar to our study; Weagant et al. (2011) reported that 0.1-0.3 cfu E. coli/g in artificially inoculated alfalfa sprouts gave an amplification signal when if OMS method used only after a 5-h enrichment time. According to the results of another study done with OMS followed by loop-mediated isothermal amplification (LAMP), the combined assay captured and detected a bacterial concentration as low as 3×10 1 cfu/mL from the meat samples within a 6-h total analysis time when if a 4-h short pre-enrichment was applied (Qin et al., 2018) . Dn the contrary; Fu et al. (2005) , who firstly combined OMS and RTiPCR for detection of EHEC, found the minimum detection limit of OMS-RTiPCR combined assay as < 5×10 2 cells/mL for EHEC suspensions in buffer and as 1.3×10 4 cells/g in ground beef without using any enrichment step within an 8-h total analysis time. This was also an acceptable rapid assay, but the detection limit of EHEC is higher than our minimum detection limit.
OMS-RTiPCR combined assay has also been used to isolate and detect other foodborne pathogens from food matrices containing high fat and protein (Luo et al., 2017; Mercanogľu & Griffiths, 2005; Yang et al., 2007) . On most of these studies, again either a non-selective or a selective pre-enrichment step was still required to detect low levels of foodborne pathogens. Mercanogľu & Griffiths (2005) , showed that at least a 10-h non-selective pre-enrichment was needed in detecting 1.5 and 25 cfu Salmonella/25 g in alfalfa sprouts and ground beef samples, respectively, to achieve a detectable level by OMS-RTiPCR combined assay. Dn the other hand, Luo et al. (2017) found the detection limit of the OMS-RTiPCR combined assay as 8 x 10 cfu L. monocytogenes/mL in pure culture and 8 x 10 1 cfu/mL in pasteurized milk without any pre-enrichment process in < 7 hours. However, they preferred to use a 2-step magnetic separation method which seemed to provide a high immunoreaction efficiency compared with that of our OMS method.
RTiPCR assay has all the advantages of specificity and rapidity. However; in our study, the individual RTiPCR assay also could not detect any EHEC cell even after an 8-h pre-enrichment of the food samples. This might be due to the inorganic and organic PCR inhibitors found in complex raw milk and ground beef matrices such as calcium ions, lactoferrin, serum proteins, collagen, myoglobin, and haemoglobin (Schrader et al., 2012) since RTiPCR depends on both efficient DNA extraction and removal of PCR inhibitors (Yang et al., 2007) . On a previous study, due to the PCR inhibitors found in raw pork samples, pathogens even at a concentration of 10 7 cfu/mL could not be detected by PCR (Rodriguez-Lázaro et al., 2005) . Dai et al. (2017) also concluded that PCR amplification gave false negative results unless OMS was used in chicken meat samples. These results indicated that OMS method improved the sensitivity of the combined assay by preventing DNA loss due to the milk-and meat-associated PCR inhibitors. On other words; the use of OMS method after pre-enrichment with RTiPCR assay indicates that the interference in binding capacity due to the inhibitors and high fat and protein contents of foods, is obviated. Ondeed, at least a pre-enrichment time of 8 h in a non-selective medium was found to be sufficient in order to detect EHEC in both raw milk and ground beef samples by combined assay. Food safety applications and methods also require enrichment step prior to OMS method.
However; in our study, the combined assay did not show a great sensitivity as to detect 10 1 cfu EHEC/mL or g in either of the foods like it did in pure cultures. Nevertheless, it was found to have the same minimum detection limit of 10 3 cfu/mL or g in both of the food types with an overall detection time < 9 h.
[including the steps of non-selective pre-enrichment (8 h), selective capture of the target pathogen using OMS (30 min), and amplification of the target pathogen-selective DNA sequences using RTiPCR (30 min)], where the negative control without EHEC cells did not increase in fluorescence above background levels (Figure 2 ).
Conclusion
Consequently, by comparing the combined method with and without a pre-enrichment, the experimental results demonstrated that even the usage of these specific micro-sized beads did not improve EHEC detection in raw milk and ground beef samples and so gave false negative results unless a pre-enrichment applied. So; the use of this combined assay by food industry and food microbial analysis laboratories that are responsible from food safety and quality assurance, will shorten the detection time long before the foods are laid for consumption. The most of all, this combined assay will aid in the development of control measures for EHEC in not only raw milk and ground beef but also in freshly consumed leafy green vegetables which carry the potential risk of microbiological contamination due to the usage of untreated irrigation water, inappropriate organic fertilizers, wildlife or other sources that can occur anywhere from the farm to the fork. Furthermore, researchers has started to develop novel methods with improvements in terms of distinction of the viable cells from dead ones by OMS-RTiPCR combined methods.
